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Consistent left-right asymmetry cannot be established by late
organizers in Xenopus
Laura N. Vandenberg, Michael Levin
Biol. Department, Tufts University, Medford, MA, USA
How embryos consistently orient asymmetries of the leftright (LR)
axis is an intriguing question since no macroscopic cues reliably
distinguish left from right. Studies of Xenopus embryos suggest that
symmetry breaking occurs within the first few cleavages via ion
transport proteins asymmetrically localized by a chiral cytoskeleton.
Alternatively, some species establish and orient the LR axis later in
development, when thousands of cells are present, requiring a different
mechanism. A study using Xenopus conjoined twins concluded that
proper LR patterning can also be initiated in late embryogenesis since
twins induced in late blastula stages had normal LR asymmetry. To
separate the timing and LR orientation of organizer induction from
signaling interactions between twins, we UV irradiated 1-cell embryos,
preventing the establishment of the dorsalventral (DV) and LR axes.We
then rescued dorsal organizer induction, either early (by tipping 1-cell
embryos) or late (by injecting XSiamois or lithium chloride). Embryos
rescued early properly oriented the LR axis. However, while embryos
rescued later in development properly generated a DV axis, the LR axis
was randomized. These results suggest that: 1) the early establishment
of consistent LR asymmetry requires processes occurring prior to the
mid-blastula transition; and2) the ability of the 1-cell embryo to recover
indicates plasticity in themechanism used to distinguish left from right.
Our data have significant implications for the conservation of asym-
metry mechanisms among species and reveal that UV irradiation
followed by organizer induction is a powerful model to understand
the linked orientation of the primary axes.
doi:10.1016/j.ydbio.2009.05.136
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In ground breaking experiments, Hans Spemann demonstrated
that the dorsal part of the amphibian embryo can generate a well-
proportioned tadpole, and that a small group of dorsal cells, the
organizer, can induce a complete and well-proportioned twinned axis
when transplanted into a host embryo. Key to organizer function is the
localized secretion of BMP inhibitors, which defines a graded BMP
activation profile. While the central proteins involved in shaping this
gradient are well characterized, their integrated function, and in
particular how pattern scales with size, is not understood. We present
evidence that in Xenopus, the BMP activity gradient is defined by a
shuttling-based mechanism, whereby the BMP ligands are translo-
cated ventrally through their association with the BMP inhibitor
Chordin. This shuttling, together with feedback repression of the BMP
ligand Admp, offers a quantitative explanation to Spemann's observa-
tions, and accounts naturally for the scaling of embryo patternwith its
size. We show an ExpansionRepression feedback topology which
generalizes this concept for a wider range of patterning systems,
providing a general and potentially widely-applicable model for the
robust scaling of morphogen gradients with size.
doi:10.1016/j.ydbio.2009.05.137
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BMP signaling through ACVR1 is crucial for establishment of
the leftright asymmetry via proper formation of node cilia in
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Bone morphogenetic proteins (BMPs) have multiple functions
including their role in the establishment of leftright patterning in
vertebrate development. Recently, we discovered that BMP type I
receptor Acvr1 (also known as Alk2) in the epiblast is required for
proper leftright patterning. To address further how Acvr1 is involved
in the process, we utilized a conditional gene inactivation strategy to
rescue the gastrulation defects of the Acvr1 null mutation. Mosaic
inactivation of Acvr1 mutants in the epiblast by using Mox2-Cre
(Acvr1:Mox2-Cre) resulted in abnormal heart looping and bilateral
expression of left side markers in the lateral plate mesoderm. The
mutant embryos displayed an abnormal cilia development that
resulted in a defect of a cilia-driven leftward fluid. Complete
inactivation of Acvr1 in the epiblast by using Sox2-Cre resulted in
complete lack of cilia in the node. Expressions of intraflagellar
transport genes, which are important for node cilia formation, were
downregulated. Interestingly, Acvr1:Mox2-Cre embryos displayed
abnormal cilia development in a ventral part of the neural tube.
Mouse embryonic fibroblasts deficient in Acvr1 fail to form the
primary cilium, when stimulated by serum starvation. These suggest
that BMP signaling through ACVR1 is essential for proper develop-
ment of primary cilia during mouse development. Together these
indicate that ACVR1 plays a crucial role in formation of node cilia to
establish a leftright asymmetry.
doi:10.1016/j.ydbio.2009.05.138
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Investigating the relationship between PCP and ciliogenesis
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Cilia are microtubule-based organelles that project into the
extracellular space, where they regulate cellular responses to
environmental cues. Components of Hh, PDGF, and Wnt signaling
pathways localize and possibly function in the cilium, and cilia
defects have been implicated in diverse and pleiotropic human
diseases. Cilia have also been implicated in planar cell polarity (PCP)
signaling, which controls polarized cell movements (termed con-
vergence and extension; CE) that shape the vertebrate body during
embryogenesis. The PCP signaling component Vangl2 localizes to
cilia, and mutations in ciliary and basal body proteins cause PCP-
associated phenotypes. Cilia may therefore regulate PCP signal
transduction. In support of this, we demonstrate that the appearance
of cilia during zebrafish embryogenesis correlates with the onset of
PCP-mediated CE movements during late gastrulation. Surprisingly,
mutations in the zebrafish ift88 gene do not cause CE defects despite
eventual loss of all cilia. However, the presence of wild-type maternal
product in these mutants may rescue early ciliogenesis and mask the
true loss of function phenotype. Here we report on our efforts to
generate and characterize maternal-zygotic (MZ) ift88 mutants.
Recent studies also indicate that PCP signaling may control the apical
docking of basal bodies and normal ciliogenesis. However, cilia
defects have not been reported for core PCP signaling mutants, like
vangl2. Again, analyses in zebrafish have largely ignored possible
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